Abstract. Connection of new steel rods to original iron tongs in historic buildings is largely carried out by screwing. This solution requires drilling holes into the original iron element. Another solution -special welding -is also irreversible intervention into the original historic material. Clamp joints as a non-invasive solution were used to connect new steel rods to iron tongs originated from the late 17th Century in Teplá Monastery i , Czech Republic.
Introduction
In ancient buildings which were constructed up to the early 20th Century wooden rods connected with the masonry through a wrought iron tong are often found. When repairing historic buildings we have to remember that at least to 1907 when electric arc furnace was invented these elements were made of forged or wrought iron which contains relatively high amount of carbon and other impurities hindering or even precluding conventional welding.
Standard invasive solution
New steel rods are therefore mostly threaded to these tongs. This requires drilling holes into the original iron element. Sometimes a special welding is used, but even so, it is irreversible intervention into the original historic material. This unfavorable situation (from the point of view of heritage preservation at least) is further complicated by the fact that much of the work must be done on-site because the original iron elements are largely rigidly connected with the historic stone or brick structure.
Non-invasive solution
A friction joint in which the axial force between the historical iron element and a new steel rod is transmitted through a clamp eliminates or significantly reduces both disadvantages of solutions mentioned above. This joint is both completely non-invasive and it enables preparing it off-site making it possible to provide higher quality and efficiency of its production. The crucial question of the clamp joint dimensions design is a static or dynamic load assessment.
Bracing elements in Teplá Monastery
In case of the prelature and convent of Teplá Monastery a horizontal force which is generated in the basement vaults abutments is parried by wooden rods ii in their peaks. Minimal horizontal impact was identified by static calculations in this part of construction especially due to a significant effect of a massive wall constructed above -force vector points to nearly a vertical direction from the vaulted ceiling of the basement. From this fact and from the finding situation where the wooden rods were mured by baroque walls, it is obvious that the primary role of the rods was bracing the structure during its construction. Although these rods are practically inoperative at present, they should be maintained as an important structural element of the historical development of the building. The fundamental problem is their physical condition. Due to changes of temperaturehumidity regime iii , rods were almost destroyed by a dry rot (Serpula lacrymans). Next occurrence of dry rot should be minimized and because of its latent presence in the building it is necessary to reduce the amount of timber elements left inside masonry structures. Therefore, in the case of destroyed wooden rods it was decided to remove them, to cleanse and disinfect their traces and to replace them with new steel rods iv . In order to avoid further damage of historic masonry structures it was necessary to keep the new steel rods in the original wooden rods traces and fix them to the exterior walls through the original wrought iron tongs and clamp joints. The force in the rod should have been determined at this point. 
Determination of axial force
When determining the force to which the clamp joint is to be designed, the following models can be assumed:
1) Calculation based on a standard static model with dead loads (weight of the structures) and variable loads (live, climatic, fire or seismic loads) according to Eurocodes. In this case, horizontal force acting on one rod is about 50 kN. Anyway, the resulting impact on the stability of the structure is due to a significant effect of a massive wall constructed above very low.
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2) Calculations based on ISO 13822, article 8 (according to a current state of the structure), namely:
2.1 Calculation based on the strength of wooden rods -Original wooden rods were not damaged by a tensile stress in any case. When the profile is about 16 × 16 cm, material oak, resistance of this element is again about 50 kN.
2.2 Calculation based on the strength of wooden rod in compressive stress in the contact area with wrought iron tongs -Wrought iron tongs and wooden rods were associated with bracket links, i.e. rectangular hook was stuck into a wooden rod. Some of these couplings were complemented by a forged nail. No original wooden rod was damaged by a compressive stress in a connection with a bracket link. With a maximum contact area of a right hook and a nail to 25 cm 2 the highest level of force which can be transferred is again about 50 kN.
2.3 Calculation based on the tensile strength of wrought iron tongs -When the profile of wrought iron tong is about 5 × 1.5 cm and the expected resistance of wrought iron is about 250 MPa, maximal force which can be transferred by this element is about 150-200 kN.
As no element was damaged by both tensile and compressive stresses, points 1., 2.1 and 2.2 show that the force of 50 kN was never surpassed during the whole three centuries long existence of the structure. The final calculation was therefore performed for the force of 50 kN. 
Clamp joint
Clamp joint consists of two steel plates 15 × 15 cm made of flat steel 10 mm thick, which are joined with 4 to 6 pieces of precision screws M16/8.8. Upper plate is welded to a steel rod. The plates are attached to the original wrought iron tong, which form is due to historical technological process (manual or power hammer) exclusively of a flat strip, and the sides are mutually screwed and tightened with a torque wrench to the maximum permissible value for M16 screws, i.e. 88 kN. With a coefficient of friction of 0.15 the power transmission of about 50 to 70 kN (according to the number of screws) is ensured. New steel rods with clamp joints were then moderately activated (at 30% of maximum load) through tensioning screws.
Conclusion
Clamp joints were chosen based on a requirement of the state heritage preservation authority as a completely non-invasive and removable connection between historic wrought iron tongs and new steel rods.
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i Premonstrate Monastery in Teplá was founded in 1193 by the Czech nobleman bl. Hroznata as a typical colony monastery in western Bohemia. Structural development of the monastery was carried out more or less intermittently since the late 12th Century to the first half of the 20th Century and represents a highly valuable set of building structures from Romanesque and Gothic, through Renaissance and Baroque to late Historicism including industrial heritage structures [1] .
ii Wooden rods are from the last decade of the 17th Century -see dendrochronological research [2] .
iii Space under the vaults were used for brewing in the 18 th , 19 th and 20 th Centuries and space above the vaults were used to house an army unit during the second half of the 20 th Century. iv Only few samples of wooden rods which were in a good shape and in checkable positions were chemically treated and left in the structure.
